Objective: To evaluate the adequacy and feasibility of spoon feeding in terms of physical growth and transition to breast feeding in early hospitaldischarged low birth weight (LBW) neonates.
Introduction
The nutritional management of very low birth weight (VLBW) infants has a major function in their immediate survival and subsequent growth and development 1 . To start with, nasogastric (NG) feeding of expressed breast milk (EBM), along with nonnutritive sucking (NNS), is a standard method for neonates with a gestational age of X32 weeks and a birth weight of >1250 g and p1600 g. 2 Subsequently, these babies are transitioned to breast feeding before being discharged home. Because of the limited use of gavage feeding and disadvantages of bottle feeding, alternative feeding methods such as cup feeding/ paladai feeding have been tried in earlier studies. [2] [3] [4] [5] [6] In northern India, along with breast feeding, spoon feeding of remaining EBM is an additional method of infant feeding that has been prevalent in society for a long time. This is also a standard practice of feeding LBW newborns born in the neonatal unit of our hospital since more than a decade, without its objective evaluation.
Traditionally, weight continues to be major discharge criteria of LBW infants, [7] [8] [9] and it is believed that discharge from hospital at a low weight is hazardous. 10 However, subsequent studies 7, [11] [12] [13] [14] concur with regard to certain behavioral criteria needed to be achieved before hospital discharge of premature infants. Therefore, there has been a need-felt requirement for exploring additional feeding methods before transition to breast feeding to meet the optimal nutritional requirement of these babies both in the hospital and at home. This study attempts to evaluate the contribution of the spoonfeeding method in the nutritional management of LBW babies both in the hospital and at home. If spoon feeding is adequate and feasible in terms of physical growth and transition to breast feeding at home, it can result in an early hospital discharge of LBW neonates.
The aim of this study was to evaluate the adequacy and feasibility of spoon feeding in terms of physical growth and transition to breast feeding in early hospital-discharged LBW neonates.
Methods

Study design
A trial with two independent randomized controlled trials (RCTs).
Setting
A tertiary level neonatal unit of a teaching hospital and homebased treatment.
Subjects
Singleton live-born neonates with a gestational age of X32 weeks, with a birth weight >1250 g and p1600 g and fulfilling feeding criteria. The study was conducted over an 18-month period with 79 subjects enrolled in Trial I ( Figure 1 ) and another sample of 65 subjects enrolled in Trial II (Figure 2 ).
Inclusion criteria
All singleton live-born neonates delivered at the obstetric unit of the hospital to mothers residing in Delhi with a gestational age of X32 weeks, with a birth weight >1250 g and p1600 g and fulfilling feeding criteria were included in the study.
In Trial I, babies receiving X30 ml kg À1 per day of enteral feeds by the NG route for X12 h, and thereafter accepting one spoon feed, fulfilled the feeding criteria (age p5 days). In Trial II, babies on breast feeding, and the remaining EBM by spoon feeding, and having constant/gaining weight X48 h fulfilled the feeding criteria (weight X1300 g and age p14 days).
Exclusion criteria
Neonates were excluded if they had major congenital malformations, hypotonia, intracranial hemorrhage, meningitis or encephalopathy and so on requiring an alteration in their feeding schedule.
Outcome variables Primary:
The primary outcome of the study was the weight gain pattern during transition to breast feeding in hospital in Trial I, whereas in Trial II babies, the primary outcome of the study was weight gain pattern till 4 weeks of age. Secondary: The secondary outcome variables included the number of days required by the neonate for transition to breast feeding and spoon feeding-associated morbidity.
Randomization
Eligible neonates were randomized to one of the two groups using computer-generated random number sequence placed in opaque sealed envelopesFNG feeding and spoon feeding in hospital (Trial I), and spoon feeding in hospital and at home groups (Trial II).
Informed consent
Informed consent was obtained from either of the parents in both trials. Both trial protocols were approved by the Institutional Ethical Committee. Figure 1 Flow chart for the random allocation of NG feeding and spoon-feeding neonates in a hospital setup and their transition to breast feeding in Trial I.
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Sample size
To analyze a difference in weight gain of 5 g kg À1 per day in neonates in the two groups, with an a error of 0.05 and a power of study of 80%, it was estimated that a sample size of 30 neonates in each group were required.
Intervention
Standard nursery protocol was used for feeding eligible neonates. Neonates were started and continued on NNS as soon as their clinical condition stabilized, before randomization and during the trial, till they were transitioned to breast feeding. Feeds were initiated at 60 ml kg À1 per day divided into equal 2-hourly feeds, with an increment of 30 ml kg À1 per day and maximum feeds of 180 ml kg À1 per day. The milk used was from the biological mother only as far as possible. It was collected after expressing out maximum possible milk from both breasts. The milk was mixed thoroughly and the desired volume was collected in a clean bowl using a plastic syringe. If EBM was insufficient, it was supplemented with Delhi Milk Scheme milk. NG feeds were given by the staff nurse only. To start with, spoon feeds were given by the staff nurse. Subsequently, mothers were trained in spoon feeding, who then fed the babies. The metallic spoons used had a capacity of 2 to 3 ml with smooth edges so as not to cause trauma to the neonates. The baby was held in an upright inclined position comfortably on the lap. The spoon was at least half-filled with milk and was offered to the infant such that the rim of the spoon was directed towards the lip and gums, resting on the lower lip with the milk line touching the upper lip. The spoon was then held in this position and the baby was allowed to consume as much milk as needed by lapping and/or sipping. The spoon was sterilized in a boiler, dried and reused. During spoon feeding, the amount of milk consumed and the amount of milk spilled were noted.
Feed intolerance was defined as an increase in abdominal girth >2 cm from the previous recording and gastric aspirate >20% of the previous feed. After 24 h of bowel rest, feeds were restarted using the same method at , and full rate on subsequent days, of the volume at which feeds were stopped.
Trial I. In babies randomized to the NG feeding group, NG feeds were gradually replaced and, depending on tolerance, babies were transitioned to exclusive breast feeding. In babies randomized to the spoon-feeding group, spoon feeds were replaced gradually and, depending on their tolerance, were transitioned to breast feeding as early as possible. During this period, the remaining volume of the required feed not accepted by spoon was provided through the NG route. The criteria of tolerance used were no feed intolerance along with no weight loss in the last 12 to 24 h. Trial II. A similar feeding protocol as that mentioned in babies belonging to the spoon feeding in hospital group in Trial I was followed till neonates were transitioned to breast feeding, followed by remaining EBM by spoon feeding. At this stage, babies were randomized to either of the two groups. Neonates randomized to the spoon feeding in hospital group were transitioned to breast feeding in hospital and discharged on exclusive breast feeding with constant/gaining weight for X48 h. Neonates randomized to the group with spoon feeding at home were discharged on the same day of randomization and were transitioned to exclusive breast feeding at home. All mothers were advised to bring the neonates twice a week for feeding evaluation, anthropometric measurements and morbidity if any, till 4 weeks of age. For this purpose, specially designed performa was given to mothers to record the number of feeds given to the baby by breast feeding or spoon feeding or both, as well as the volume of milk. In case the mother failed to report to Early discharge in spoon fed LBW babies A Kumar et al the newborn nursery on her scheduled visit, efforts were made to contact her by phone (same day/subsequent day) and by home visit.
Statistical analysis
All data obtained were entered into a computer using EPI INFO VERSION 6. An intention-to-treat analysis approach was used to analyze data. A P-value of <0.05 was considered as significant. Normally distributed continuous data were analyzed using the ANOVA test. Bartlett's test was used for evaluating the homogeneity of variance. The Mann-Whitney or Wilcoxon's two-sample test (Kruskel-Wallis H-test for two groups) was used for nonparametric data. Graphs were prepared using Microsoft Excel.
Enrollment of subjects
In Trial I, during the study period of 8 months, a total of 5120 singleton live-born babies were delivered ( Figure 1 ), of whom 79 neonates were enrolled into the study. Similarly, in Trial II, during the enrollment period of 9 months, a total of 6246 singleton live-born babies were delivered ( Figure 2 ), of whom 65 babies were enrolled into the study. (Table 2 ) with respect to age, parity, education and socioeconomic status. 15 Pregnancy was booked in a comparable number of mothers in both groups of each trial. Both medical (anemia, jaundice, tuberculosis, rheumatic heart disease, syphilis) and obstetrical (APH, PIH, preeclampsia, eclampsia, oligohydramnios) maternal morbidities were also comparable in the two groups of each trial.
Results
Baseline neonatal and maternal characteristics
Compliance
In Trial I, out of 79 babies enrolled, 72 (91.1%) were transitioned to breast feeding (Figure 1 ), whereas in Trial II, out of 65 babies enrolled, 61 (93.8%) could be transitioned to breast feeding, of whom 60 babies (92.3%) were followed up till 28 days of age ( Figure 2 ).
Weight gain pattern during the study period
In Trial I, Figure 3 shows daily weight changes in the two study groups. The mean (s.d.) weight at birth in both groups was comparable (Table 3) . Moreover, babies were enrolled in the study at a comparable ageF3.36 (1.67) days in the NG feeding group vs 3.30 (1.24) days in the spoon-feeding group (P ¼ 0.8586). Finally, at the outcome age of 15.64 days in the NG feeding group vs 17.67 days in the spoon-feeding group, babies in the two groups had a weight of 1543.75 (120.42) g vs 1578.47 (95.30) g, respectively (P ¼ 0.1793)). The mean (s.d.) weight gain was Early discharge in spoon fed LBW babies A Kumar et al 4.72 (4.68) g kg À1 per day in the NG feeding in hospital group and 4.47 (3.14) g kg À1 per day in the spoon feeding in hospital group (P ¼ 0.8836) from birth till transition to breast feeding. In Trial II, Figure 4 shows daily weight changes in the two study groups. The mean (s.d.) weight at birth in the spoon feeding in hospital and spoon feeding at home groups was comparable ( per week) more weight gain over 4 weeks in babies in the spoon Early discharge in spoon fed LBW babies A Kumar et al feeding at home group compared with babies in the spoon feeding in hospital group. The weight loss/gain after birth at weekly intervals till 4 weeks of age also did not differ significantly in the two groups.
Time period for transition to breast feeding In Trial I, during the entire study period, babies belonging to both NG and spoon-feeding groups received a comparable number (s.d.) of NNS per day [6.11 (1.53) vs 6.75 (1.34), P ¼ 0.4420, respectively]. The mean age at randomization in both groups was comparable ( Table 4 ). The time (s.d.) taken for transition to breast feeding in the NG feeding group was 12.31 (3.32) days, whereas in the spoon-feeding group it was 14.39 (4.10) days with a P-value of 0.0201. In Trial II, the mean (s.d.) age at randomization was comparable in the two study groups ( Feeding-associated morbidity In Trial I of this study, five babies developed morbidities/mortality ( Figure 1 ). Two babies in the NG feeding groupFone with a birth weight of 1480 g, with a gestation age of 39 weeks (asymmetric IUGR), who was enterally fed for 3 days, died on day 7 of life because of pneumonia and sepsis (culture negative), whereas the other one, with a birth weight of 1510 g, a gestation age of 32 weeks, who was enterally fed for 5 days, died on day 8 of life because of necrotizing enterocolitis. Three babies in the spoon-feeding groupFone with a birth weight of 1430 g, a gestation age of 38 weeks (asymmetric IUGR), who was enterally fed for 1 day, developed hypoglycemia; the second baby with a birth weight of 1335 g, a gestation age of 34 weeks (symmetrical IUGR), who was enterally fed for 5 days, developed NEC and sepsis (culture negative), whereas the third baby with a birth weight of 1590 g, a gestation age of 34 weeks, who was enterally fed for 3 days, developed apnea of prematurity. Moreover, one additional baby in the spoon-feeding group was given NG feeding for 24 h time because of oral thrush. In Trial II (Figure 2) , after a randomization of the study population of 65 babies, 4 babies (1 in the spoon feeding in hospital group and 3 in the spoon feeding at home group) developed morbidities before 28 days of age. One baby in the spoon feeding in hospital group with a birth weight of 1570 g, a gestation age of 34 weeks, enrolled on day 14 of life, developed gastroesophageal reflux (GER) on day 18 of life and required intravenous fluids for 5 days. One baby with a birth weight of 1590 g, a gestation age of 37 weeks (symmetric IUGR), belonging to the spoon feeding at home group discharged on day 8 of life, was readmitted on day 11 of life with 17% weight loss and oral thrush. Oral thrush was treated and the baby was continued on breast feeding and remaining EBM by spoon feeding and was discharged after 7 days of hospitalization upon adequate weight gain. The second baby in the same group with a birth weight of 1475 g, a gestation age of 34 weeks (asymmetric IUGR), discharged on day 8 of life was readmitted on day 15 of life with sepsis, pneumonia and meningitis (culture negative) and required intravenous antibiotics for 2 weeks and was discharged on day 28 of life. Another baby in the spoon feeding at home group with a birth weight of 1595 g and a gestation age of 38 weeks (asymmetric IUGR) developed oral thrush on the day of enrolment (day 6 of life) but was discharged on the same day with local treatment for oral thrush, and was able to follow the expected feeding schedule similar to other study subjects.
Discussion
This study was conducted as two independent RCTs. In Trial I, the aim of the study was to evaluate physical growth, especially the weight gain pattern in babies on spoon feeding under a controlled hospital environment. Once proved, it gave us the confidence to make an early hospital discharge of these babies (Trial II) to evaluate the adequacy and feasibility of spoon feeding at home as well.
Nutrition in LBW babiesFadequacy and feasibility of spoon feeding in hospital Experience in the developing world and in several European neonatal intensive and transitional care units 2 indicates that cup feeding is a skill easily acquired by preterm infants at a stage (X32 weeks) before efficient breast or bottle feeding is possible, and when gastric tubes are considered a necessity. The studies evaluating cup feeding have found it to be a simple, practical, noninvasive and effective method of feeding LBW babies, which encourages the involvement of both parents. With cup, the feeding session is controlled by the infant by controlling the pace of licking/sucking; respiration is easier to control and swallowing occurs when the infant is ready. As a result, very little energy is required and the infant may be physiologically more stable. 5 During cup feeding, tension of the tongue is forward, over the lower alveolar ridge to lap the milk into the mouth, which may help in the subsequent development of correct breast feeding tongue movements. 6 On the basis of the above experience and a marked similarity to the spoon-feeding method with cup/paladai, Early discharge in spoon fed LBW babieswe hypothesized that instead of NG feeding, spoon feeding can be used for transitioning LBW babies to breast feeding in the hospital with comparable physical growth. In Trial I, we demonstrated that LBW babies can be started on spoon feeding, along with NNS, for the subsequent transition to breast feeding with comparable weight gain and other anthropometric parameters during this period. In this study, the mean weight gain was 4.72 g kg À1 per day in the NG feeding in hospital group and 4.47 g kg À1 per day in the spoon feeding in hospital group (P ¼ 0.8836) during the study period. Similarly, the mean (s.d.) gain in head circumference was 4.50 (2.02) mm and 4.56 (1.40) mm per week (P ¼ 0.4956) and the mean (s.d.) gain in length was 4.67 (1.77) mm and 5.83 (2.50) mm per week (P ¼ 0.1542) in the two groups, respectively. The available literature on alternative feeding methods has not attempted to evaluate the weight gain pattern of babies according to any of these feeding methods. In this study, the mean age at transition to breast feeding was approximately 2 days longer in babies in whom the transition to breast feeding was attempted with spoon feeding in comparison with that in the NG feeding group (17.67 vs 15.64 days, respectively, P ¼ 0.0249). Although statistically significant, this difference of 2 days is of limited clinical significance, especially considering other major advantages of spoon feeding (similar to advantages with cup feeding, as enumerated earlier).
In a study conducted by Malhotra et al., 3 it was revealed that the volume of feeds ingested was more with paladai and cup, and the time taken was significantly less when compared with bottle. In the same study, nurses were individually questioned regarding their opinion on the method of oral feeding. They were unanimous in selecting the paladai as the method of choice. The advantages highlighted included the ease of cleaning and sterilization of utensils used, training mothers and the less time involved in feeding. They also observed that there was less exertion required on the part of infants. There were no identifiable disadvantages. However, in present study, the volume (s.d.) of milk consumed from birth till transition to breast feeding was comparable, that is, 103.16 (11.39) ml kg À1 per day by the NG route in the NG feeding in hospital group and 104.89 (15.53) ml kg À1 per day by both spoon and NG routes in the spoon feeding in hospital groups (volume of milk by the NG route: 10.92 (13.63) ml kg À1 per day) (P ¼ 0.5865). Furthermore, the time taken [mean (s.d.)] by babies for spoon feeding was 7.89 (1.02) minutes/feed.
In Trial I, five babies had associated morbidity during the study period. Two babies died during NG feeding in the hospital groupFone with pneumonia and sepsis and the other with necrotizing enterocolitis. In the spoon feeding in hospital group, three babies developed various morbiditiesFone with hypoglycemia, another with necrotizing enterocolitis and sepsis and the third with apnea of prematurity. Thus, spoon feeding does not seem to expose infants to increased morbidity/ mortality.
Early hospital dischargeFadequacy and feasibility of spoon feeding at home Many studies 7,11 -14 have demonstrated that behavioral criteria such as temperature stability out of the incubator and the ability to suck and gain weight on oral intake needs to be achieved before the hospital discharge of premature infants. Therefore, there has been a need to use an additional feeding method such as spoon feeding before transition to breast feeding both in hospital and at home to meet the optimal nutritional requirement of these babies. In Trial II of this study, we tried to prove whether babies can be discharged early from hospital, as spoon feeding can be continued at home during transition to breast feeding, with comparable physical growth and no increased risk of spoon feeding-associated morbidity. In Trial II, babies belonging to the spoon feeding at home group had a significantly shorter duration of hospital stay (10.19 vs 14.58 days, P<0.001) compared with babies belonging to the spoon feeding in hospital group with comparable weight (s.d.) gain during the entire study period [11.97 (7.27 ) g per day and 12.91 (6.48) g per day, P ¼ 0.5856, respectively]. It was because of the fact that these LBW babies were discharged from hospital to their home at a stage when they were having constant/gaining weight on breast feeding, followed by remaining EBM by spoon feeding, rather than transitioning them in the hospital itself to breast feeding only. Cruz et al. 12 conducted a randomized clinical trial of discharge of VLBW infants at a weight of 1300 g vs 1800 g from the neonatal intensive care unit, comparing weight gain and incidence of infection. Preterm infants weighing <1300 g at birth were enrolled in the study when they achieved a weight of 1300 g to 1350 g if they met the behavioral criteria for discharge and the family home was approved. The mean birth weight and gestational age of the included infants were 1135 g vs 1160 g and 30.7 weeks vs 31.2 weeks, respectively, for the two groups. Infants in the home group were discharged soon after entry into the study. Those in the hospital group were discharged at 1800 g, following the standard protocol. The duration of hospital stay was significantly low for the home group, that is, 23.5 ± 8.5 days vs 42.5 ± 10.9 days. The mean weight gain was 32.7 g per day in the home group as compared with 32.1 g per day in the hospital group in babies with a gestation age of 36 to 40 weeks. Two infants in the home group (n ¼ 27) were readmitted after 7 days of discharge from hospital. One had diarrhea and the other had pneumonia (both culture negative). Klebseilla aerobacter meningitis developed in one infant in the hospital group after 7 days of enrollment into the study. No infant died during the study period. Using behavioral criteria, the weight at discharge for the study group in this report at 1300 to 1350 g was considerably less than that in previous reports. The cost of providing additional follow-up care was a small percentage of hospital cost and the result was a large net saving. The success of this study can be partially explained by the preponderance of SGA infants (51%) who are relatively mature at LBWs, which emphasizes the importance of maturity rather than size for defining discharge criteria. Gibson et al. 13 conducted a study in which infants of birth weight p1800 g and a gestational age <36 weeks were randomized to an accelerated or conventional group when they were clinically stable. The accelerated group averaged 12.6 days less hospital stay than did the conventional group (33.2 vs 45.8 days) and 7.3 days more of home care (17.2 vs 9.9 days, for an overall net of 5.3 days less of supervised (hospital plus home) care. The study reported a mean weight gain of 24.3 g per day and 28.7 g per day for conventional and accelerated discharge groups, respectively, for babies in the weight range of 1800 to 2000 g. A shorter duration of hospital stay (range, 6.7 to 19.5 days) has also been reported by other published studies 7, 11, 14 for babies discharged according to behavioral criteria as compared with standard criteria of preset weight. As majority of LBW babies after birth have physiological weight loss for a variable period of time, it could account for the lower weight gain over 4 weeks of time in present study in comparison with weight gain as reported by Cruz et al. 12 and Gibson et al. 13 Despite providing a written performa and feeding advice at discharge, the mothers of babies belonging to the spoon feeding at home group continued to spoon feed the babies at home for a longer duration [mean (s.d.) 9.81 (3.51) vs 3.55 (1.89) days, respectively, P<0.001], probably to ensure that babies get maximum breast milk. The available literature has not evaluated any of the additional feeding methods at home.
Three babies developed morbidities. One baby who received spoon feeding for 10 days (7 days in hospital and 3 days at home) was readmitted on the 11th day of life with oral thrush. Another baby receiving spoon feeding since birth developed oral thrush on the sixth day of life and was discharged home on the same day with local treatment for oral thrush. Another baby who received spoon feeding for 8 days in hospital and 7 days at home developed sepsis along with pneumonia and meningitis (blood culture negative) on the 15th day of life. The role of spoon feeding-related hygiene resulting in morbidity in these three babies was difficult to evaluate. Furthermore, the contribution of environment either in the hospital or at home in the causation of feeding method-related infection or otherwise could not be defined. However, the possible association of infection, if any, can be minimized by proper maternal education regarding feeding hygiene. In this study, the provision for routine follow-up home visits providing health care was not available. The reason for not providing routine home visits was the very high follow-up rate of babies to the nursery as observed over the past several years. Home visit was planned only when mothers failed to report to nursery on their scheduled visit, even after phone contacts.
Therefore, it can be concluded that early hospital discharge (4.39 days in this study) of babies with a gestation age of 34 to 35 weeks and a birth weight of 1450 to 1500 g, especially small for the gestation age (one-half to two-thirds in this study), is feasible with comparable physical growth using the spoon-feeding method both in the hospital and at home for transitioning to breast feeding, provided the mother is educated in proper spoon feeding hygiene. The results of the aforementioned studies and the present RCT confirm the gains of an early discharge to be reflected in a significant reduction in the hospital stay of LBW babies without adversely affecting either the chances of survival or physical growth in the early months of life. Thus, the policy of early hospital discharge can be routinely practiced.
